Towards wearable healthcare: a miniaturized 3D imager with coherent frequency-domain photoacoustics.
Medical monitoring is undergoing a translation from the hospital-based system to the personalized home-based system. With the aim of point-of-care application of photoacoustic technique, we propose a miniaturized photoacoustic 3D imager that is capable of long-term wearable imaging and flexible personalized scanning diagnosis. By employing the compact continuous-wave laser diode based optical irradiation and an ultrathin 2D matrix array based photoacoustic detection in the coherent frequency domain, a wearable imaging probe with a size of about 80 × 25 × 24 [Formula: see text] and a weight of 21 g is developed. At the backend, an FPGA controlled Howland current source drives the laser diodes to excite linear frequency modulated optical irradiation. Recorded by a portable multichannel data acquisition system, the generated photoacoustic responses are firstly compressed with the coherent frequency domain photoacoustic method and then extrapolated in the wavenumber-frequency domain for fast image reconstruction. With three-wavelength (450 nm, 638 nm, and 808 nm) laser irradiation, photoacoustic imaging can be operated multispectrally, endowing the developed imager with functional imaging capability in 3D space. With the imager worn on the human forearm, hemoglobin oxygen saturation level in arm vasculature can be long-term monitored with high stability. When the imager is applied for imaging in a relatively large area (e.g. early melanoma detection in the human breast), flexible personalized scanning in a handheld manner can be performed. This work opens the application potential of photoacoustic technique in a broad range of areas, including personalized healthcare, home health monitoring, and long-term physiologic monitoring.